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[5 7] ABSTRACT 
An automatic disc loading apparatus for an information 
reproducing or recording/ reproducing system in which 
pieces of information recorded on a record disc are to 
be reproduced or pieces of information are recorded on 
a record disc and thereafter reproduced. The apparatus 
comprises a casing structure into which the record disc 
is to be inserted in a predetermined direction along a 
predetermined plane substantially parallel with the pre 
determined direction toward a predetermined position 
within the ‘casing structure. The casing structure is 
formed with a slot elongated in a direction substantially 
perpendicular to the aforesaid predetermined direction. 
A disc guide is provided comprising a pair of disc guide 
members movable toward and away from each other 
within the casing structure and in the neighborhood of 
the above mentioned slot substantially symmetrically 
with respect to the above mentioned predetermined 
direction. The record disc is passed between the disc 
guide members when being inserted in the predeter~ 
mined direction into the casing structure through the 
slot. A drive is operative to drive. the disc guide merr1~ 
bers for movement toward or away from each other. 

14 Claims, 25 Drawing Figures 
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AUTOMATIC DISC LOADING APPARATUS 

FIELD OF THE INVENTION 

The present invention relates to an automatic disc 
loading apparatus for an information reproducing or 
reproducing/recording apparatus in which pieces of 
information recorded on a record disc are to be repro 
duced or pieces of information are to be recorded on a 
record disc and thereafter reproduced. 

BACKGROUND OF THE INVENTION 

An automatic disc loading apparatus is used for load 
ing arecord disc on an information reproducing system 
or an information recording and reproducing system 
and withdrawing the disc from the apparatus. 
Record discs presently available for use on an infor 

mation reproducing or recording/reproducing system 
include videos discs and digital audio discs. The digital 
audio discs are commonly known as “compact discs” 
and usually measure about 12 centimeters in diameter. 
Thus, discs to be put to use on an information reproduc~ 
ing or recording/reproducing system may have various 
outside diameters and thicknesses and center holes with 
various diameters. An automatic disc loading apparatus 
is required to cope with record discs of such various 
sizes and types. An object of the present invention is to 
provide an automatic disc loading apparatus to satisfy 
such a requirement. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, there is 
provided an automatic disc loading apparatus for an 
information reproducing or recording/reproducing 
system in which pieces of information recorded on a 
record disc are to be reproduced or pieces of informa 
tion are recorded on a record disc and thereafter repro 
duced, comprising a casing structure into which the 
record disc is to be inserted in a predetermined direction 
along a predetermined plane substantially parallel with 
the predetermined direction toward a predetermined 
position within the casing structure. The casing struc 
ture is formed with a slot elongated in a direction sub 
stantially perpendicular to the aforesaid predetermined 
direction. A disc guide means is provided comprising a 
pair of disc guide members movable toward and away 
from each other within the casing structure and in the 
neighborhood of the above mentioned slot substantially 
symmetrically with respect to the above mentioned 
predetermined direction. The record disc is passed be 
tween the disc guide members when being inserted in 
the predetermined direction into the casing structure 
through the slot. Drive; means are operative to drive 
the disc guide members for movement toward or away 
from each other. An apparatus according to the present 
invention may further comprise a pair of disc detecting 
means movable with the disc guide members, respec 
tively, and operative to detect the presence of a record 
disc being inserted into the casing structure through the 
slot and to produce signals indicative of the presence of 
the record disc. The drive means are responsive to the 
signals and are operative to drive the disc guide mem 
bers for movement toward or away from each other in 
accordance with the signals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features and advantages of a automatic disc load 
ing apparatus according to the present invention will be 
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2 
more clearly appreciated from the following descrip 
tion taken in conjunction with the accompanying draw 
ings in which: 
FIG/1 is a plan view showing a preferred embodi 

ment of an automatic disc loading apparatus according 
to the present invention; 
FIG. 2 is a view showing the apparatus as viewed 

from a plane indicated by arrows II—II in FIG. 1; 
FIG. 3 is a front end view of the apparatus illustrated 

in FIG. 1; 
FIG. 4 is a perspective view showing disc guide 

means forming part of the apparatus embodying the 
present invention; 
FIG. 5 is a schematic front end view showing the 

arrangement of disc detecting means forming part of the 
apparatus embodying the present invention; 
FIGS. 6A and 6B are schematic views showing vari 

ous positions of a record disc being passed through a 
slot in a casing structure of the apparatus embodying 
the present invention; 
FIGS. 7A and 7B are views showing examples of the 

arrangement of disc guide elements of the apparatus 
embodying the present invention; 
FIG. 8 is a diagram showing a preferred example of a 

motor drive circuit for the disc guide means of the 
apparatus embodying the present invention; 
FIG. 9 is a graph showing an example of the perfor 

mance characteristic of ampli?ers forming part of the 
circuit shown in FIG. 8; 
FIG. 10 is a schematic front end view showing the 

arrangement of home position determining means form 
ing part of the apparatus embodying the present inven 
tion; 
FIG. 11 is a schematic front end view showing the 

arrangement of position detecting means forming part 
of the apparatus embodying the present invention; 
FIG. 12 is a schematic plan view showing the ar 

rangement of disc stop means forming part of the appa 
ratus embodying the present invention; _ 
FIG. 13 is a vertical sectional view taken along line 

XIII—XIII in FIG. 12 and showing drive means for the 
disc stop means; 
FIG. 14 is a diagram showing a preferred example of 

a control circuit for the drive means shown in FIG. 13; 
FIG. 15 is a side elevation view showing, partially in 

vertical section, a preferred example of disc clamp 
means forming part of the automatic disc loading appa 
ratus embodying the present invention; 
FIG. 16 is a diagram showing a preferred example of 

a motor drive circuit included in the control circuit 
shown in FIG. 14; 
FIG. 17 is a side elevation view showing, partially in 

vertical section, the disc clamp means in a condition 
having clamped a record disc having a relatively small 
center hole; 
FIG. 18 is a side elevation view showing, partially in 

vertical section, the disc clamp means in a condition 
having clamped a record disc having a relatively large 
center hole; 
FIG. 19 is a fragmentary front end view showing an 

alternative example of the disc guide means of the auto 
matic disc loading apparatus embodying the present 
invention; 
FIG. 20 is a sectional view taken along line XX-XX 

in FIG. 21; 
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FIG. 21 is a front end view showing an alternative 
example of the home position determining means shown 
in FIG. 10; 
FIG. 22 is a diagram showing an alternative example 

of the motor drive circuit shown in FIG. 16; and 
FIG. 23 is a graph showing an example of the perfor 

mance characteristic of differential signal generators 
included in the motor drive circuit shown in FIG. 22. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIGS. 1 to 3 of the drawings, an auto 
matic disc loading apparatus embodying the present 
invention comprises a generally box-shaped casing 
structure 1 having a vertical front panel portion 2 
formed with a laterally elongated slot 3 through which 
a record disc D is to be inserted into the casing structure 
1. The slot 3 has a longitudinal middle point aligned 
with the axis of rotation of the record disc D in the 
casing structure 1 and contains a horizontal plane nor~ 
mal to the panel portion 2 and perpendicular to the axis 
of rotation of the disc D. The casing structure 1 thus has 
a vertical center plane M which contains the axis of 
rotation of the disc in the casing structure 1 and which 
passes through the longitudinal middle point of the slot 
3. 
Behind the front panel portion 2 of the casing struc 

ture 1 is provided disc guide means adapted to guide the 
record disc D to move through the slot 3 toward a 
predetermined position in the casing structure 1. Such 
disc guide means comprises upper and lower parallel 
guide rods 4 and 4’ extending in parallel with the slot 3 
and secured at their respective opposite ends to right 
and left bracket members 5 and 5', respectively, which 
are secured to the side panel portions of the casing 
structure 1. The disc guide means further comprises a 
?rst set of three guide rollers 6, 7 and 8 and a second set 
of three guide rollers 6', 7’ and 8’. The guide roller 6 is 
rollable on the upper guide rod 4 and the guide rollers 
7 and 8 are rollable on the lower guide rod 4’ and, like 
wise, the guide roller 6' is rollable on the upper guide 
rod 4 and the guide rollers 7' and 8’ are rollable on the 
lower guide rod 4’, as will be best seen from FIG. 2. The 
?rst set of guide rollers 6, 7 and 8 are respectively rotat 
able on shafts secured to a ?rst carriage member 9 and, 
similarly, the second set of guide rollers 6’, 7' and 8’ are 
respectively rotatable on shafts secured to a second 
carriage member 9’. The carriage members 9 and 9’ are 
driven to move toward and away from each other by 
drive means including a reversible drive motor 10, cir 
cumferentially grooved driving and driven pulleys 11 
and 12 and a ?exible endless line such as a looped wire 
13 passed between the pulleys 11 and 12. The drive 
motor 10 is mounted on the bottom panel portion of the 
casing structure 1 and has an output shaft drivingly 
connected to the driving pulley 11 through suitable 
power transmission means constituted by a combination 
of pulleys and endless lines and/or a combination of 
gears as generally indicated at 14 in FIGS. 1 and 2. The 
driving and driven pulleys 11 and 12 are located in the 
vicinity of the side panel portions of the casing structure 
1 and have the looped wire 13 passed therebetween. 
Thus, the looped wire 13 is driven in one direction 
along its upper straight travelling path between the 
driving and driven pulleys 11 and 12 and in the other 
direction along its lower straight travelling path be 
tween the pulleys 11 and 12 when the driving pulley 11 
is driven by the the output shaft of the motor 10. The 
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4 
looped wire 13 has one of its upper and lower straight 
traveling portions securely connected to the ?rst car 
riage member 9 by a connecting member 15 and the 
other of the straight travelling portions securely con 
nected to the second carriage member 9’ by a connect 
ing member 15' (FIG. 1). When the looped wire 13 is 
driven between the driving and driven pulleys 11 and 12 
by means of the drive motor 10, one of the ?rst and 
second carriage members 9 and 9’ is moved toward the 
driving pulley 11 and the other carriage member is 
moved toward the driven pulley 12. In the arrangement 
herein shown, it is assumed by way of example that the 
looped wire 13 is driven in a direction indicated by 
arrow heads d1 in FIG. 2 and as a consequence the ?rst 
and second carriage members 9 and 9’ are caused to 
move away from each other when the motor 10 is actu 
ated to drive its output shaft in a direction indicated by 
arrow D1 in FIG. 2. When the motor 10 is actuated to 
drive its output shaft in a direction indicated by arrow 
D2 in FIG. 2, the looped wire 13 is thus driven in a 
direction indicated by arrow heads d2 in FIG. 2 and as 
a consequence the ?rst and second carriage members 9 
and 9’ are caused to move toward each other. The ?rst 
and second carriage members 9 and 9’ are thus moved 
toward or away from each other at equal speeds with 
respect to the casing structure 1 when the drive motor 
10 is in operation. The looped wire 13 is preferably 
constituted in part by a helical tension spring 16 so that 
the Wire 13 as a whole is constantly maintained taut 
between the driving and driven pulleys 11 and 12. 
When the drive motor 10 is put into operation driving 

its output shaft for rotation in the direction of arrow D1 
or D; (FIG. 2), the looped wire 13 is caused to travel in 
the direction of arrowheads di or d; between the driv 
ing and driven pulleys 11 and 12 along the elongated 
slot 3. It follows that the ?rst and second carriage mem 
bers 9 and 9’ connected to the looped wire 13 are driven 
to move away from or closer to each other symmetri 
cally with respect to the vertical center plane M (FIG. 
1) until the respective disc guide members 18 and 18’ on 
the carriage members 9 and 9’ are horizontally spaced a 
desired distance from each other. If, in this instance, the 
record disc D being inserted into the casing structure 1 
through the slot 3 happens to swerve from the vertical 
center plane M, viz., from a correct path directed 
toward a predetermined position within the casing 
structure 1, the record disc D is brought into abutting 
contact with one of the ?rst and second disc guide 
members 18 and 18’ and one of the vertical edges of the 
front panel portion 2 of the casing structure 1 at the 
extreme ends of the slot 3 as indicated at d1 or d3 in FIG. 
6A and is prevented from being further moved into the 
casing structure 1. If, furthermore, the distance between 
the ?rst and second disc guide members 18 and 18’ 
moved by the looped wire 13 as above described is less 
than the diameter of the record disc D being inserted 
through the slot 3, the record disc D is brought into 
abutting contact with the disc guide members 18 and 18’ 
as indicated at d3 in FIG. 6A and is also prevented from 
being further moved into the casing structure 1. If, on 
the other hand, the record disc D being inserted 
through the slot 3 is moved along the correct path and 
the ?rst and second disc guide members 18 and 18’ are 
spaced apart from each other a distance greater than the 
diameter of the record disc D as indicated at d4 in FIG. 
6B, the record disc D is permitted to pass between the 
disc guide members 18 and 18’ toward a predetermined 
position within the casing structure 1. The above men 
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tioned correct path has a center line perpendicular to 
the slot 3 and the axis of rotation of the record disc D in 
the casing structure 1 and contained in the previously 
mentioned vertical center plane M. 
The automatic disc loading apparatus embodying the 

present invention further comprises detecting means 
adapted to detect the position of the record disc D being 
inserted into the casing structure 1 through the slot 3. 
As will be better seen in FIG. 4, such disc position 
detecting means comprises support elements 17 and 17' 
fast on the upper faces of the carriage members 9 and 9', 
respectively, and ?rst and second disc guide members 
18 and 18' upstanding from the support elements 17 and 
17’, respectively. Each of the disc guide members 18 
and 18’ is in the form of a rod having a circular cross 
section and axially extends through and normally to the 
plane on which the record disc D is to be conveyed into 
the casing structure 1. Arms 19 and 19' are cantilevered 
to upper end portions of these disc guide members 18 
and 18’ and are thus located above the support elements 
17 and 17’, respectively. The disc position detecting 
means further comprises ?rst and second light emitter 
elements 20 and 20’ securely mounted on the support 
elements 17 and 17’ and directed upwardly toward the 
arms 19 and 19’, respectively, and ?rst and second light 
sensitive transducer elements 21 and 21’ securely at 
tached to the lower faces of the arms 19 and 19' and 
vertically aligned with the ?rst and second light emitter 
elements 20 and 20', respectively, as will be better seen 
in FIG. 5. More speci?cally, the light-sensitive trans 
ducer elements 21 and 21' are spaced apart from the 
light emitter elements 20 and 20’ across the plane on 
which the record disc D is to be passed into the casing 
structure 1 through the slot 3. Each of the light-sensi 
tive transducer elements 21 and 21' is thus capable of 
detecting the presence of the record disc D being 
moved between the light emitter and transducer ele 
ments 20 and 21 and between the light emitter and trans 
.ducer elements 20' and 21’. In this instance, it is impor 
tant that the light emitter elements 20 and 20’ and light 
sensitive transducer elements 21 and 21' be located so 
that each of the transducer elements 21 and 21 has the 
center point of its sensitive area situated on a line X 
joining the center axes of the disc guide members 18 and 
18', as indicated in FIG. 7A. With such arrangement of 
the light emitter elements 20 and 20’ and light-sensitive 
transducer elements 21 and 21', the transducer elements 
21 and 21’ are enabled to detect the presence of the 
record disc D being moved between the light emitter 
and transducer elements 20 and 21 and between the 
light emitter and transducer elements 20’ and 21'. If the 
light-sensitive transducer elements 21 and 21’ are lo 
cated so that the center point of the sensitive area of 
each transducer element is situated on a line X’ inclined 

_ at a certain angle 6 to the line X between the center axes 
of the disc guide members 18 and 18’ as indicated in 
FIG. 7B, the transducer elements 21 and 21 are capable 
of detecting the passage of the record disc D when the 
record disc D is being moved in one direction (denoted 
by a in FIG. 7B). When, the record disc D is being 
moved in the opposite direction (denoted by b in FIG. 
7B), the record disc D is brought into contact with the 
disc guide members 18 and 18’ before the record disc D 
reaches a position to be detected by the transducer 
elements 21 and 21’. and, for this reason, the passage of 
the record disc D can not be detected reliably by the 
transducer elements 21 and 21’. 
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The drive motor 10 to drive ?rst and second carriage 

members 9 and 9' as above described is controlled by an 
electric control circuit shown in FIG. 8. The control 
circuit is provided in combination with the above de 
scribed light emitter elements 20 and 20’ and light-sensi 

~ tive transducer elements 21 and 21’. The light emitter 
elements 20 and 20’ are connected in series between a 
constant-voltage power source V“ and ground through 
a current-limiting semi-adjustable resistor 22. On the 
other hand, the ?rst light-sensitive transducer element 
21 is connected between the power source Vcc and 
ground through a series combination of a resistor 23 and 
a semi-adjustable resistor 24 and, likewise, the second 
light-sensitive transducer element 21’ is connected be 
tween the power source VCC and ground through a se 
ries combination of a resistor 23' and a semi-adjustable 
resistor 24’. Each of the light-sensitive transducer ele 
ments 21 and 21' is constituted by, for example, a CdS 
photoconductor to exhibit a resistance variable with the 
quantity of the light incident thereon. Each of the semi 
adjustable resistors 24 and 24’ is adjusted so that the sum 
of the resistance of the particular resistor and the vari 
able resistance of each of the light-sensitive transducer 
elements 21 and 21' is equal to the resistance of each of 
the resistors 23 and 23' when the beam of light emanat 
ing from each of the light emitter elements 20 and 20' 
toward the associated light-sensitive transducer element 
is intercepted by the record disc D by approximately 50 
percent of the cross sectional area of the beam. 
The node between the ?rst light-sensitive transducer 

element 21 and the associated resistor 23 and the node 
between the second light-sensitive transducer element 
21’ and the associated resistor 23' constitute output 
terminals of the transducer elements 21 and 21, respec 
tively, so that potentials varying with the movement of 
the record disc D with respect to the disc guide mem 
bers 18 and 18' appear at these terminals. These output 
terminals of the light-sensitive transducer elements 21 
and 21’ are connected to ?rst and second ampli?ers 25 
and 25’, respectively, each of which is adapted to ex 
hibit a hysteresis characteristic between the quantity of 
light incident on each of the transducer elements 21 and 
21' and the voltage output from the transducer as shown 
in FIG. 9. Each of the ampli?ers 25 and 25’ is thus 
operative to produce a logic “0” output signal in re 
sponse to a quantity of light smaller than a ?rst prede 
termined value ql and a logic “1” output signal in re 
sponse to a quantity of light larger than the ?rst prede 
termined value q1 when the quantity of light is on the 
decrease and to produce a logic “0” output signal in 
response to a quantity of light smaller than a second 
predetermined value q; larger than the ?rst predeter 
mined value q; and a logic “1” output signal in response 
to a quantity of light larger than the second predeter 
mined value qg when the quantity of light is on the 
increase. The ?rst ampli?er 25 has its output terminal 
connected to one of the input terminals of each of ?rst 
and second logic “AND” gate circuits 26 and 26' and 
the second ampli?er 25’ has its output terminal con 
nected to the other input terminal of each of the ?rst 
and second logic “AND” gate circuits 26 and 26' The 
logic “0” and/or “1” output signals produced by the 
?rst and second ampli?ers 25 and 25’ are thus fed to 
each of the ?rst and second logic “AND” gate circuits 
26 and 26’. The ?rst logic “AND” gate circuit 26 is of 
the positive logic type and is thus adapted to produce a 
logic “1” output signal in response to logic “1” signals 
appearing at both of its input terminals, while the sec 
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ond logic “AND” gate circuit 26’ is of the negative 
logic type and is adapted to produce a logic “1” output 
signal in response to logic “0” output signals appearing 
at both of its input terminals. The logic “AND” gate 
circuits 26 and 26’ have their respective output termi 
nals connected to a motor drive circuit 27 having an 
output terminal connected to the coil of the drive motor 
10, which is thus operative to drive its output shaft in 
either direction in response to a logic “1” output signal 
from one of the ?rst and second logic “AND” gate 
circuits 26 and 26’. In the embodiment herein shown, it 
is assumed by way of example that the motor drive 
circuit 27 is arranged so that the motor 10 is operative to 
drive its output shaft in a direction to cause the disc 
guide members 18 and 18’ to move closer to each other 
in response to a logic “1” output signal from the ?rst 
logic “AND” gate circuit 26 and in a direction to cause 
the disc guide members 18 and 18’ to move away from 
each other in response to a logic “1” output signal from 
the second logic “AND” gate circuit 26’. In the absence 
of a logic “1” signal, the motor drive circuit 27 holds 
the motor 10 at rest. 
When, now, the record disc D is inserted along a 

correct path into the casing structure 1 through the slot 
3 as indicated by dots-and-dash lines in FIG. 4, a leading 
arcuate portion of the record disc D enters the area 
between the ?rst light emitter element 20 and ?rst light‘ 
sensitive transducer element 21 and the area between 
the second light emitter element 20’ and second light 
sensitive transducer element 21’. The beams of light 
emanating from the ?rst and second light emitter ele 
ments 20 and 20’ toward the ?rst and second light-sensi 
tive transducer elements 21 and 21’, respectively, are 
therefore intercepted by the leading arcuate portion of 
the record disc D so that the quantity of light incident 
on each of the transducer elements 21 and 21’ decreases 
gradually. When the quantity of light incident on each 
of the light-sensitive transducer elements 21 and 21’ is 
reduced below a predetermined value, viz., the above 
mentioned ?rst predetermined value q1 (FIG. 9), a logic 
“0” output signal is produced at the output terminal of 
each of the ?rst and second ampli?ers 25 and 25’. In 
response to the logic “0” signals thus appearing at the 
output terminals of the ?rst and second ampli?ers 25 
and 25’, the ?rst logic “AND” gate circuit 26 of the 
positive logic type produces a logic “0" output signal 
and, concurrently, the second logic “AND" gate circuit 
26' of the negative logic type delivers a logic “l” output 
signal to the motor drive circuit 27, actuating the motor 
10 to drive its output shaft in, for example, the direction 
of arrow D1 (FIG. 2). It therefore follows that the 
looped wire 13 is driven in the direction of arrowheads 
d1 and as a consequence the ?rst and second carriage 
members 9 and 9’ and accordingly the ?rst and second 
light-sensitive transducer elements 21 and 21’ are caused 
to move away from each other. Such movement of the 
light-sensitive transducer elements 21 and 21’ gives rise 
to an increase in the quantity of light incident on each of 
the transducer elements 21 and 21'. When the quantity 
of light incident on one of the transducer elements 21 
and 21' reaches the above mentioned second predeter 
mined value qg (FIG. 9), the logic “0” signal which has 
been present at the output terminal of the ampli?er 25 or 
25' (FIG. 8) connected to the particular transducer 
element is shifted to a logic “1” signal. In the presence 
of the logic “1” signal thus appearing at the output 
terminal of one of the ?rst and second ampli?ers 25 and 
25’ and the logic “0” signal at the output terminal of the 
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8 
other of the ampli?ers 25 and 25’, the ?rst logic “AND” 
gate circuit 26 of the positive logic type delivers a logic 
“1” output signal and the second logic “AND” gate 
circuit 26’ delivers a logic “0” output signal to the 
motor drive circuit 27 thus causing the motor 10 to stop. 
When the record disc D is further moved into the cas 
ing structure 1 through the slot 3, the beams of light 
emitted from the light emitter elements 20 and 20’ are 
partially intercepted by the record disc D so that a logic 
“1” signal is for a second time delivered from the sec 
ond logic “AND” gate circuit 26 to the motor drive 
circuit 27, actuating the motor 10 to drive the carriage 
members 9 and 9’ away from each other. By repetition 
of these steps, the carriage members 9 and 9’ are gradu 
ally moved into the casing structure 1 through the slot 
3. When the record disc D is completely admitted into 
the casing structure 1 past the beams of light from the 
light emitter elements 20 and 20’, the beams of light are 
permitted to totally reach the light-sensitive transducer 
elements 21 and 21’ so that the quantity of light incident 
on each of the light-sensitive transducer elements 21 
and 21’ becomes maximal and causes the ?rst and sec 
ond ampli?ers 25 and 25' to produce logic “l” output 
signals. In response to the logic “1” signals thus appear 
ing at the output terminals of the ampli?ers 25 and 25’, 
the ?rst logic “AND” gate circuit 26 of the positive 
logic type delivers a logic “1” output signal to the 
motor drive circuit 27 and actuates the motor 10 to 
drive its output shaft in the direction of arrow D2 (FIG. 
2). It therefore follows that the looped wire 13 is driven 
in the direction of arrowheads d; and as a consequence 
the ?rst and second carriage members 9 and 9’ and 
accordingly the ?rst and second light-sensitive trans 
ducer elements 21 21’ are caused to move closer to each 
other. 
The following table shows the modes of operation of 

the motor drive circuit shown in FIG. 8 when the re~ 
cord disc D is inserted into the casing structure 1 (1) 
along a correct path toward a predetermined position in 
the casing structure 1, (2) along a leftwardly deviated 
path, or (3) along a rightwardly deviated path, or (4) 
when there is no record disc D being moved into or out 
of the casing structure 1. 7 

Path of Disc 

Deviated Deviated No disc 
Correct leftward rightward present 

Light in- Element None Max, None Max. 
cident on 21 

Element None None Max. Max. 
21' 

Signal Amp. 25 “0" “1" “0" “1" 
from Amp‘ 25' “0,. “0.. “1-. “1.. 
Signal Gate 26 “0" "0” "0” “1" 
from Gate 26’ ‘*l" “0" “0" “0" 
Carriages Moved Rest Rest Moved 
9 and 9’ apart together 

As will be seen from the above table, there are no 
beams of light incident on the light-sensitive transducer 
elements and 21’ and accordingly both of the ?rst and 
second ampli?ers 25 and 25’ produce logic “0” output 
signals when the record disc D is being inserted along a 
correct path into the the casing structure 1. In this in 
stance, the ?rst logic “AND” gate circuit 26 produces a 
logic “0” output signal and the second logic “AND” 
gate circuit 26’ produces a logic “1” output signal so 
that the carriage members 9 and 9' are driven apart from 
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each other. When the path of the record disc D being 
inserted into the casing structure 1 is deviated left 
wardly from the correct path, the quantity of light inci 
dent on the ?rst light-sensitive transducer element 21 
becomes maximal and there is no beam of light incident 
on the second light-sensitive transducer element 21' so 
that the ?rst ampli?er 25 produces a logic “1” output 
signal and the second ampli?er 21’ produces a logic “0” 
output signal. In this instance, both of the ?rst and sec 
ond logic “AND” gate circuits 26 and 26' produce logic 
“0” output signals and, as a consequence, the carriage 
members 9 and 9' are held at rest on the guide rods 4 and 
4’ (FIGS. 2 and 3). When, on the other hand, the path of 
the record disc D being inserted into the casing struc 
ture 1 is deviated rightwardly from the correct path, 
there is no beam of light incident on the ?rst light-sensi 
tive transducer element 21 and the beam of light inci 
dent on the second light-sensitive transducer element 
21’ becomes maximal so that the ?rst ampli?er 25 pro 
duces a logic “0” output signal and the second ampli?er 
21' produces a logic “1” output signal. In this instance, 
both of the ?rst and second logic “AND” gate circuits 
26 and 26' produce logic “0” output signals and, 'as a 
consequence, the carriage members 9 and 9’ are also 
held at rest on the guide rods 4 and 4' (FIGS. 2 and 3). 
In the absence of a disc being inserted into the casing 
structure 1, the quantities of light incident on the light 
sensitive transducer elements 21 and 21’ become maxi 
mal and accordingly both of the ?rst and second ampli 
?ers 25 and 25’ produce logic “1” output signals. In this 
instance, the ?rst logic “AND” gate circuit 26 produces 
a logic “1” output signal and the second logic “AND” 
gate circuit 26’ produces a logic “0” output signal so 
that the carriage members 9 and 9' are driven toward 
each other. 
Turning to FIG. 10 of the drawings, the automatic 

disc loading apparatus embodying the present invention 
further comprises home position determining means 
adapted to determine predetermined home positions of 
the ?rst and second carriage members 9 and 9' with 
respect to the casing structure 1. In FIG. 10, such home 
position determining means is shown comprising a 
shield plate 28 positioned behind the slot 3 and having 
opposite side end portions 29 and 29’ located on a plane 
intervening between each of the light emitter elements 
20 and 20’ and each of the light-sensitive transducer 
elements 21 and 21’. The shield plate 28 is positioned 
with respect to the casing structure 1 so that these oppo 
site end portions 29 and 29’ thereof are further located 
in such a manner as to intercept the beams of light ema 
na'ting from the light emitter elements 20 and 20’ toward 
the light-sensitive transducer elements 21 and 21', re 
spectively, when the ?rst and second carriage members 
9 and 9’ are spaced apart a predetermined minimum 
distance from each other. When the carriage members 9 
and 9’ are driven toward each other in the absence of 
the record disc D above the light-sensitive transducer 
elements 21 and 21' and reach positions spaced apart 
such a distance from each other, the beam of light from 
one of the ?rst and secondlight emitter elements 20 and 
20‘ is intercepted ?rst by one of the end portions 29 and 
29’ of the shield plate 28. It follows that one of the ?rst 
and second ampli?ers 25 and 25’ (FIG. 8) produces a 
logic “0” output signal and the other of the ampli?ers 25 
and 25' produces a logic “1” output signal so that both 
of the ?rst and second 0 logic “AND” gate circuits 26 
and 26' produce logic “0” output signals as will be un 
derstood from the above table. The motor 10 is thus 
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brought to a stop and, as a consequence, the ?rst and 
second carriage members 9 and 9' are held at the posi 
tions spaced apart the above mentioned predetermined 
minimum distance from each other behind the slot 3. 
The particular positions are the respective home posi 
tions of the carriage members 9 and 9’. The distance 
between the carriage members 9 and 9 in such home 
positions is selected so that the distance between the 
disc guide members 18 and 18’ on the carriage members 
in the home positions is less than the diameter of mini 
mum sized record discs to be put to use on the disc 
player equipped with the loading apparatus embodying 
the present invention. In this instance, it is important 
that the minimum distance between the carriage mem 
bers be further selected so that each end of the slot 3 and 
the distance between each of the disc guide members 18 
and 18’ on the carriage members; 9 and 9 in the home 
positions is also smaller than the diameter of such re 
cord discs. In the description to follow, it will be as 
sumed that the record disc D is of any of an n number 
of different standardized sizes. 
The automatic disc loading apparatus embodying the 

present invention further comprises position detecting 
means adapted to detect the position of one of and ac 
cordingly the respective positions of both of the car 
riage members 9 and 9' or the respective positions of the 
disc guide members 18 and 18' with respect to the eas 
ing structure 1. In FIG. 11 of the drawings, such detect 
ing means is shown comprising a plurality of switch 
units S0, S1, . . . S” which are arranged at regular inter 
vals along the path of one of the ?rst and second car 
riage members such as the second carriage member 9’ as 
shown. The switch units 5;, S2, . . . Sn, viz., the switch 
units except for the switch unit So are respectively allo 
cated to record discs of the above mentioned n number 
of standardized sizes. The carriage member 9' has a lug 
portion constituting switch actuating element 30 pro 
truding toward the array of the switch units S0, S1, S2, 
. . . Sn and selectively engageable with the switch unit 
S0, S1, . . . Sn. Each of these switch units S0, S1, S2, . . . 

S has two states and is adapted to shift between these 
two states when the carriage members 9 and 9’ spaced 
apart from each other a distance to allow a record disc 
of a ?rst predetermined or standardized diameter are 
driven closer to or away from each other to positions 
spaced apart from each other a distance to allow a re 
cord disc of a second predetermined or standardized 
diameter. When the carriage members 9 and 9' are 
spaced apart such a predetermined minimum distance 
from each other in the absence of a record disc therebe 
tween, the switch actuating element 30 on the carriage 
member 9’ is held in engagement with the ?rst switch 
unit So as shown and maintains the switch unit S0 in one 
of the two states thereof. Each of the switches S0, S1, 
S2, . . . S” has two stationary contact elements and one 
movable contact element movable between these sta 
tionary contact elements, as will be described in more 
detail. 
Turning back to FIGS. 1 to 3 of the drawings, the 

automatic disc loading apparatus embodying the pres 
ent invention further comprises disc transfer means 
adapted to transfer the the record disc D to a predeter 
mined position within the casing structure 1 after the 
disc has been inserted into the casing structure 1 
through the slot 3. Such disc transfer means comprises 
a horizontal carrier plate 31 provided within the casing 
structure 1 and having securely attached thereto a pair 
of front guide members 32 and 32’ spaced apart in paral 
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lel from each other laterally of the casing structure 1 
and a pair of rear guide members 33 and 33’ also spaced 
apart laterally of the casing structure 1 and further from 
the front guide members 32 and 32’ in fore-and-aft di 
rections of the casing structure 1. The front guide mem 
bers 32 and 32’ and the rear guide members 33 and 33’ 
are slidably received on a pair of guide rails 34 and 34' 
securely connected to the casing structure 1 and longi— 
tudinally extending in fore-and-aft directions of the 
casing structure 1 from behind the front panel portion 2 
toward the rear panel portion of the casing structure 1. 
The carrier plate 31 is thus movable in a fore-and-aft 
direction of the casing structure 1 between a predeter~ 
mined ?rst or foremost position closest to the front 
panel portion 2 of the casing structure 1 as indicated by 
full lines and a predetermined second or rearmost posi 
tion remotest from the panel portion 2 as indicated by 
dots-and-dash lines in FIG. 1. The carrier plate 31 has 
formed in its front central portion a generally U-shaped 
slot 35 which is open toward the front panel portion 2 of 
the casing structure 1 as shown in FIG. 1. When the 
carrier plate 31 is moved to the predetermined rearmost 
position thereof, the U-shaped slot 35 is located to con 
tain the axis of rotation of the record disc D to be 
played back, as will be seen from FIG. 1. The carrier 
plate 31 has securely attached to the underside thereof a 
rotation preventive plate 36 which is elongated in paral 
lel with the guide rails 34 and 34’ and which has a recess 
37 formed in the inner side edge portion thereof. The 
particular side edge portion of the rotation preventive 
plate 36 is engaged by a stop pin 38 secured to one end 
portion of a control lever 39 which is positioned above 
a horizontal slide plate 40 having a front end portion 
positioned below and in parallel with the carrier plate 
31. The slide plate 40 is formed with front and rear 
guide grooves 41 and 42 which are elongated in parallel 
with the guide rails 34 and 34’ and which are arranged 
in series with each other in a fore-and-aft direction of 
the casing structure 1. Front and rear guide rods 43 and 
44 extend vertically through these guide grooves 41 and 
42, respectively, and are securely connected to the bot 
tom panel portion of the casing structure 1. The slide 
plate 40 is further formed with a generally L-shaped key 
groove 45 elongated in parallel with the rear guide 
groove 42 and having at its foremost end a cam-forming 
portion 45a which is bent laterally of the casing struc 
ture 1. The control lever 39 is pivotally mounted on the 
rear guide rod 44 and is urged, by suitable biasing 
means, to turn counter-clockwise in FIG. 1, viz., in a 
direction to have the stop pin 38 moved away from the 
inner side edge of the rotation preventive plate 36 about 
the center axis of the guide rod 44 with respect to the 
carrier plate 31 and the slider plate 40. In the arrange 
ment shown in FIG. 1, such biasing means comprises a 
preloaded helical tension spring 46 which is anchored at 
one end thereof to the control lever 39 and at the other 
end thereof to the casing structure 1. The control lever 
39 has ?xedly attached thereto a cam follower element 
47 which is received in the key groove 45. The stop pin 
38 on the control lever 39 is engaged by the inner side 
edge of the rotation preventive plate 36 and is received 
in the recess 37 in the rotation preventive plate 36 when 
the carrier plate 31 is moved rearwardly from the pre 
determined foremost position thereof to the predeter 
mined rearmost position thereof with respect to the 
slider plate 40 as will be understood more clearly as the 
description proceeds. The location of the recess 37 in 
the rotation preventive plate 36 is such that the recess 
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37 is located on the arcuate path of the stop pin 38 about 
the center axis of the rear guide pin 44 when the carrier 
plate 31 is moved to the predetermined rearmost posi 
tion thereof. The carrier plate 31 is driven between 
these predetermined foremost and rearmost positions by 
drive means comprising a rack member 48 integral with 
or securely connected to the slider plate 40 and elon 
gated in parallel with the guide rails 34 and 34’. The 
rack member 48 is engaged by a pinion gear 49 rotatable 
about an axis ?xed with respect to the carrier plate 31. 
The pinion gear 49 is driven for rotation from a revers 
ible motor 50 through suitable power transmission 
means 51 constituted by a combination of pulleys and 
endless lines and/or a combination of gears mounted on 
the carrier plate 31 as seen in FIGS. 1 and 2. 
The automatic disc loading apparatus embodying the 

present invention further comprises disc stop means 
adapted to stop the movement of the record disc D in a 
predetermined position with respect to the casing struc 
ture 1 depending upon the size of the disc when the 
record disc D is inserted into the casing structure 1 
through the slot 3. Referring to FIG. 12, such disc stop 
means comprises plural pairs of apertures H1, H’1; H2, 
H'Z; . . . H", H’,, formed in the carrier plate 31 and plural 
pairs of disc stop elements P1, P’1; P2, P2; . . . P”, P',, 
which are axially movable vertically through the aper 
tures H1, H’1; H2, H’z; . . . H”, H’,,, respectively, in the 
carrier plate 31. The apertures H1, H'1; H2, H'2; . . . H", 
H’,, in the carrier plate 31 are arranged so that each pair 
of apertures are located at a predetermined distance 
from a vertical axis 0 located on the previously men 
tioned vertical center plane M and that the distance 
between the axis 0 and each pair of apertures is equal to 
one of the radii of record discs of the previously men 
tioned n number of standardized sizes. In the arrange 
ment shown in FIG. 12, the locations of the apertures 
H1, H'1; H1, H'2; . . . H,,, H’,, are thus assumed to respec 
tively correspond to the n number of standardized sizes 
of record discs. The distance between the axis 0 and, 
for example, the pair of apertures H1 and Hi is therefore 
assumed to be equal to the radius of record discs of a 
standardized minimum size and the distance between 
the axis 0 and the pair of apertures P” and P’ n is assumed 
to be equal to the radius of record discs of a standard 
ized maximum size. 
The pairs of disc stop elements P1, P’1; P2, P’g; . . . P,,, 

P',, are selectively driven to protrude upwardly above 
or retract downwardly below the upper face of the 
carrier plate 31 through the apertures H1, H’1; H2, H3; 
. . . H”, H’,,, respectively, by drive means shown in FIG. 
13. The drive means shown in FIG. 13 is associated 
with the pair of disc stop elements P1 and P’] and com 
prises, as also shown in FIG. 1, a pair of bell-crank 
levers 52 and 52' each having an intermediate fulcrum 
portion pivotally connected to a bracket member se 
cured to the lower face of the carrier plate 31 and one 
arem portion pivotally connected to each of the disc 
stop elements P1 and P’], and the other arm portion 
pivotally connected to the plunger of a solenoid 
operated actuator unit 53. The drive means for the re 
maining disc stop elements P2, P’g; . . . P,,, P',, are con 
structed and arranged similarly to such drive means for 
the disc stop elements P1 and P'1. The solenoid-operated 
actuator unit 53 is assumed, by way of example, as being 
such that the plunger thereof protrudes from the actua 
tor housing when the actuator unit 53 is kept de-ener 
gized and is driven to retract when the actuator unit 53 
is energized. When the actuator unit 53 is energized and 


















